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Abstract: Endemic and relict species are of particular interest when evaluating the ecological intactness of a given area. In this paper, the
reproductive ecology of Seseli ghafoorianum (Apiaceae) is investigated, aiming to contribute to its protection. The species is considered as
a Tertiary relict species in Iran. Both dwarf form and cliff habitats are rare in the family, raising the question of how the plant has adapted
to this environment. Population structure, plant architecture and flowering sequence, pollinators, pollen quantification, and seed set
(bagging experiment) were investigated. Individuals produce about 20 flowering branches with ca. 120 umbels. Flowers and umbels are
protandrous. The female stage of the terminal umbels usually overlaps the maleness of the 1st order umbels promoting geitonogamy. The
pollen/ovule ratio is about 30,000:1, indicating outcrossing. The degree of andromonoecy (>70%) and pollen vitality (~90%) indicate
that pollen availability is not a limiting factor. In contrast, fruit set is low (~7%). It depends on the presence of pollinators (Lasioglossum),
which is low, most likely due to the use of pesticides. The population furthermore suffers from the low survival rate of seedlings (0.02%).
S. ghafoorianum appears to be an outcrossing species suffering from low pollinator and survival rates. To protect the species, use of
pesticides and grazing should be reduced.
Key words: Apiaceae, reproductive ecology, dwarf, protection, rocky cliffs, Seseli ghafoorianum

1. Introduction
Breeding systems are studied to identify evolutionary
trends in plant sexual reproduction and pollination
systems (Igic and Kohn, 2006; Shuster, 2009; Goodwillie
et al., 2010; Karron et al., 2012; Barrett, 2014). In the case
of endemic and threatened species, knowledge on pollen
and/or pollinator limitation, fruit set, and germination
rate is used to evaluate the factors possibly threatening
the population with risk of extinction (Schemske et al.,
1994). If the fitness of a plant is reduced, one needs to
know the role of habitat fragmentation and abiotic and
biotic interactions of plant individuals to maintain the
population by conservation activities. This is the subject
of the present paper dealing with Seseli ghafoorianum
(Akhani) Pimenov & Kljuykov.
In Apiaceae, reproductive ecology is mainly studied
in widespread or useful species like Coriandrum sativum
L., Pastinaca sativa L., Eryngium yuccifolium Michx.,
Chaerophyllum bulbosum L., and Daucus carota L.
(Hendrix, 1984; Koul et al., 1989; Molano-Flores, 2001;
Reuther and Claßen-Bockhoff, 2010, 2013). Rarely,
endangered and endemic species are investigated (Davila
and Wardle, 2002; Evans et al., 2003; Gaudeul and TillBottraud, 2004; Rovira et al., 2004; Marcinko and Randall,
2008; Cursach and Rita, 2012), but species living in cliff

areas have not been so far. Cliffs are characterized by
specific environmental factors like moderate temperature,
underground watercourse, absence of competition,
and inaccessibility (Larson et al., 2000). They represent
azonal vegetation with several endemic and relict species.
According to Larson et al. (2000; see references therein),
cliffs are considered a refuge for endangered species.
The northern belt of Iran is characterized by a
temperate climate. It is known as a refuge for ArctoTertiary elements. During Pleistocene glaciation, many
plants that died out in Europe and northern Asia survived
in the southern parts of the Caspian forests, at the foothills
of the Alborz Mountains, in the forests of the Talish
and Caucasus mountains, and at the southern coast of
the Black Sea (Probst, 1981). Today, this area in Iran is
covered by closed and deciduous Hyrcanian forests. At
lower altitudes (up to 700 m), relict thermophilous species
occur like Parrotia persica C.A.Mey, Zelkova carpinifolia
(Pall.) Koch, Pterocarya fraxinifolia (Poir.) Spach., and
Gleditsia caspica Desf. (Frey et al., 1999). The rocky cliffs
in this region shelter many endemic and relict species. Of
these, Seseli ghafoorianum is a local endemic in NE Iran
(Akhani, 1999). It is considered a relict species due to its
woody growth form, cliff habitat, and phytogeographical
region (Akhani et al., 2010).
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Seseli L. s.l. is one of the largest genera in Apiaceae,
including 100–120 species (Spalik et al., 2004). However,
molecular data indicate that the genus is polyphyletic
(Spalik et al., 2004). Species are usually herbaceous and
distributed in Euro-Siberian, Irano-Turanian, and East
Mediterranean regions (Hedge and Lamond, 1972).
Some species like S. tortuosum L. and S. libanotis (L.)
W.D.J.Koch are used as medicine and food, respectively. S.
ghafoorianum has strongly aromatic compounds similar to
those of Petroselinum crispum (Mill.) Nym and is also used
as a medicinal plant (Akhani, 1999; Hossaini et al., 2009).
The plants grow as dwarfs with woody stems, which is rare
in Apiaceae (Downie and Katz-Downie, 1999).
S. ghafoorianum is only known from two populations
in Golestan Province, NE Iran, covered by Hyrcanian
forests (Akhani, 1999) (Figure 1). One locality is the Jahan
Nama protected area, close to the city of Gorgan, center
of Golestan Province, NE Iran. The second population
is located about 200 km away at the eastern edge of this
population, close to the Golestan National Park. Here the
plants grow in a small population (ca. 100 × 700 m2), which
is not protected. One can easily count all individuals,
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2. Materials and methods
2.1. Study species
Seseli ghafoorianum (Akhani) Pimenov & Kljuykov grows
as a dwarf about 20 cm in height. It lives on rocky cliffs
(Figure 2A), has umbels composed of creamish umbellets,
and flowers late in the year, from mid-August to the end
of December (Akhani, 1999). It was first described as
a species of the genus Eriocycla Lindl., which has two
representatives in Iran (Rechinger, 1987; Akhani, 1999).
However, based on fruit anatomy, it was transferred to the
genus Seseli L. (Pimenov and Kljuykov, 2000). Both species
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which are only found in microhabitats formed by furrows
among the stones.
In the present study, the reproductive ecology of S.
ghafoorianum is studied considering plant architecture, sex
distribution and flowering sequence, pollinator species,
abundance and foraging behavior, pollen and pollinator
limitation, and habitat and population structure. The
results give a first insight into the complex biology of
this rare plant and identify the conservation status of the
species.
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Figure 1. Distribution map of Seseli ghafoorianum in Iran, an endemic species with two localities (asterisk shows study area).
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are Iranian endemics restricted to rocky cliffs in the central
and eastern Alborz Mountains, respectively (Rechinger,
1987; Akhani, 1999). Considering the inclusion of
Lomatopodium staurophyllum (Rech.f.) Rech.f. and
Libanotis transcaucasica Schischk, the number of Seseli
species in Iran may increase by four. The former species
is a local endemic in NE Iran, restricted to gypsiferous
soil. The latter is distributed in NW Iran, Caucasia, and
Transcaucasia (Rechinger, 1987; Pimenov and Kljuykov,
2000). The present study focuses on S. ghafoorianum,
suggested as an Arcto-Tertiary relict species. Vouchers are
deposited in the herbarium of Mainz University (Y. Ajani
1708, MJG).
2.2. Study area
Field studies were conducted at the southern slopes of
the Chisht cliffs (Figure 2B), close to Zav Bala village, E
Kalaleh, E Golestan province (37°31′40″N, 55°46′01″E), at
an altitude of 700 m. The cliffs reach a height of about 100
m and dominate a plain with shrubby vegetation composed
of, e.g., Carpinus orientalis Miller, Paliurus spina-christi
Willd., and Rhamnus pallasii Fisch et Mey.
According to Larson et al. (2000), the locality is
considered as an inland cliff shaped by wind and water
erosion. Its surface looks like a huge natural staircase
with vertical cliffs of ≥10 m in height and usually small,
sometimes less than 1-m-wide, flat steps. While these steps
can be easily accessed by animals and people, climbing on
the vertical cliffs is almost impossible.
S. ghafoorianum usually grows in vertical rock
crevices as microclimate habitats getting water from

the underground reservoir. In the basal part of the cliff
(talus parts), which is close to the shrub layer, individuals
sometimes grow in the shadow of shrubs or are associated
with grasses like Botrichloa ischaemum (L.) Keng and
Heteropogon contortus (L.) P.Beauv. ex. Roem. & Schult. in
exposed areas (Akhani, 1999).
The study was conducted over about 50 days from
02.09. to 20.10.2013 and in early April 2015. To observe
floral changes and pollinator behavior, the plant individuals
need to be easily accessible. We thus chose individuals (n =
8) from the lowermost parts of the cliffs, covering an area
of 10 × 2 m (Figure 2B, asterisk).
2.3. Branch architecture, andromonoecy, and fruit set
Schematic side views of the plants were drawn based on
field observations (n > 10) and confirmed by photos and
herbarium specimens. The degrees of andromonoecy and
fruit set were calculated in 10 plants following the method
used by Reuther and Claßen-Bockhoff (2010, 2013). In the
first step, all umbels of a flowering branch were numbered
including the terminal umbel (T), all 1st order umbels (I)
originating from the main axis, and 2nd order umbels (II)
produced by the 1st order branches. Then the flowers were
grouped according to their sexual differentiation:
· p+ flowers are perfect (hermaphrodite) and produce
well-developed fruits; their number represents the fruit set
of an individual plant.
· p– flowers are also perfect and show ovary growth
after flowering, but produce weakly or not developed
fruits. p+ and p– flowers together represent the percentage
of flowers potentially able to set fruit.

Figure 2. Seseli ghafoorianum. A- Dwarf, growing on vertical cliffs. Bar: 10 cm. B- Locality of the study: Chisht rocky cliffs, NE Iran;
the studied population is marked by an asterisk. The white line (bar: 200 m) indicates the flat area dominated by Paliurus spina-christi,
Rhamnus pallasii, and Quercus castaneifolia. The dark line (bar: 100 m) shows the cliff as the main habitat of the plant.
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· m+ flowers are functionally male, i.e. they are perfect,
but have only rudimentary styles, stylopodia, and ovaries
not being able to set fruit; compared to p– flowers, their
ovaries do not grow in the postfloral stage.
· m– flowers are staminate; m+ and m– flowers together
represent the percentage of (functionally) male flowers.
After fruit set, the flower types were counted separately
and the percentage of (functionally) male flowers (m+, m–)
was determined. To calculate the degree of andromonoecy,
the obtained number was divided by the total number of
flowers and then multiplied by 100.
The degree of fruit set was calculated in 10 plants. To
determine the realized fruit set relative to the potential
one, the numbers of p+ and p– flowers were divided by
the total number of flowers and then multiplied by 100. To
determine the fruit set per plant, the number of p+ flowers
was divided by the total number of flowers multiplied by
100.
2.4. Breeding system, P/O ratio, and pollen vitality
To test for autogamy, six individuals were chosen randomly.
In each plant, two terminal umbels were covered with a
cotton bag just before flowering and left untreated until
fruit set. The basal part of the bags was tightened using
adhesive tape. Before fastening the bag, insects were
removed as much as possible. After fruit set, the percentage
of fruits was calculated in all bagged branches.
To determine the pollen/ovule ratio of a plant, floral
buds of perfect (n = 10) and male flowers (n = 9) from
10 different individuals (two floral buds per plant) were
collected just before opening, kept separately, and fixed
in 70% EtOH. In the lab, the flowers were dissected. Each
anther was transferred to a micropipette with 100 μL of
dyeing solution (20 μL of glycerol 37%, 80 μL of H2O, and
1 drop of methylene blue) and crushed manually with a
needle. Each time, the needle was sterilized to avoid pollen
infection. Then the solution was homogenized by a vortex
mixer for 1 min. Two samples of 10 μL each were taken
from each solution. The number of pollen grains in these
samples was counted in all 16 fields of the microscopic
Fuchs-Rosenthal slide. The average value of pollen grains
in a single anther was multiplied by five anthers to calculate
the number of pollen grains in a single perfect and male
flower, respectively.
· To obtain the P/O ratio per perfect flower (p+, p–),
the average number of pollen grains in these flower types
was divided by two, i.e. the number of ovules per flower.
· To obtain the P/O ratio per plant, the total number
of pollen grains per plant was calculated by multiplying
the average number of pollen grains per sexual flower
morph by the total number of the respective flower type
and summing them. This value was divided by the total
number of ovules per plant, i.e. the double number of
perfect flowers.
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To test pollen vitality, pollen grains were taken from
individuals brought to the greenhouse of the botanical
garden at Mainz University, Germany. Fresh pollen was
collected from anthers (n = 20) shortly after dehiscence.
As the anthers opened successively, this was done on four
consecutive days in the same flower. Sometimes, withered
anthers with few pollen grains persisted in a flower. To
test whether this pollen was still vital, additional probes
(n = 30) were taken on days 5 and 6 of flowering. Pollen
grains of a single anther were stained by Alexander’s stain
solution. Vital pollen grains were red after the treatment,
while aborted pollen grains were blue. The number of vital
and aborted pollen grains was counted in the same way
as described for the determination of the P/O ratio. To
calculate the percentage of pollen vitality, the number of
vital pollen grains was multiplied by 100 and divided by
the total number of pollen grains.
2.5. Pollinator observation and behavior
Insect visitors were observed during the whole time of
staying with the plants. To get precise data, flower visitors
of different plants were recorded on ten consecutive days
by photos and videos. Each day, documentation was done
in the morning (0830–0930 hours), at noon (1100–1200
hours), and in the afternoon (1400–1500 hours).
Insects were defined as pollinators when they touched
the reproductive surfaces of the plant and as visitors when
they did not contribute to pollen transfer. Representatives
of each species were collected, fixed in 70% EtOH and
determined to the family or genus level at the Senckenberg
Natural History Collection, Dresden (Germany), and the
Iranian Research Institute of Plant Protection (IRIPP),
Tehran, Iran.
2.6. Flowering sequence
To identify sexual phase overlaps within and among
individuals, six individuals were randomly chosen at
distances ranging from 1 to 5 m. In each individual, three
to five branches of almost the same phenological stage
were selected. The duration of the male and female phases
in the flowers and in the compound umbels of all orders of
the selected branches was daily observed from 02.09. until
20.10.2013. The male phase was defined as the time from
anther dehiscence to the end of pollen shedding and the
female phase as the time of stigma receptivity.
To identify the receptive stage of the stigma, scanning
electron microscopic analyses were conducted. The
different developmental stages of the style from the early
male to the late female stage were sampled and fixed in
70% EtOH (n = ~100). After dissection, the style tips were
dehydrated, critical point dried (BAL-TEC CPD 030),
and coated with gold (BAL-TEC SCD 005). The stigmas
were documented using a Philips XL-30 ESEM. Presence
of stigmatic fluid indicated that the stigmas were wet
and receptive. All steps were conducted according to the
manufacturer’s protocol.
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2.7. Mericarp dispersal and age structure of the population
As a consequence of growing on vertical cliffs, some of
the mericarps of the fruiting individuals were dispersed
to the flat area where grazing animals and interspecific
competition reduced their chance for germination and
survival. To test the survival rate of the cliff population,
five plots of 2 × 4 m were investigated in early April
2015. Frequency and coverage of all single individuals
were estimated by the standardized Braun-Blanquet
method (1964). The plants were categorized into three age
groups: 1) seedlings with only two cotyledons, 2) young,
not yet lignified individuals (2–3 years old), and 3) aged
individuals with thick woody stems.
To estimate the age of an individual, four old, already
died off individuals with thick stems were collected. In
the lab, stems and leaf scars were investigated. The stems
were cross-sectioned and the number of vascular rings was
counted using the stereomicroscope.
3. Results
S. ghafoorianum is a woody andromonoecious species
with perfect and male flowers in the same plant. It is a lateflowering species starting in late August/early September
and continuing until February. Even in April, some
flowering plants were observed.
3.1. Dwarf architecture and sex distribution (Table 1)
On average (n = 8 plants) (Figure 3A), each individual
produces 18.7 ± 6.7 flowering branches (Table 1, T: nr
br) of up to 20 cm, each with one terminal umbel (T) and
about four 1st order umbels (I: nr sI/br). Rarely, a 2nd
order umbel (II) is formed at the proximal position of the
1st order branch (I). On average, five umbels (one T and
four 1st order umbels) are produced per branch.
· The terminal umbels (T) are easily recognized by
their larger size and position opposite the uppermost leaf
(Figure 3A). They produce 2–5 umbellets with a total of
20–39 flowers (28.7 ± 6.2, T: fl/sT). Less than half of them
are perfect (~12 p+, p– flowers), while the remaining ones
are (functionally) male (~17 m+, m–). Flowers appear to
be arranged in two rings, whereby most of them are located
at the periphery of the umbellet (Figure 3B). Altogether, all
terminal umbels of a single individual produce 557.7 ± 287
flowers (T: ∑ fl/T/pl).
· The number of 1st order umbels on a plant is about
70 (I: ∑ I/pl). They produce about 21 flowers per umbel
and, in total, 1547.8 ± 887 flowers (I: ∑ fl/I/pl). While the
number of (functionally) male flowers is similar to that in
T (m+, m-: ~ 17), the number of perfect flowers (p+, p–)
decreases to four in the lateral umbels. Thus, it is evident
that andromonoecy goes along with a reduction in perfect
flowers and an increase in maleness.

· 2nd order umbels (II) are small and only produce
about 10 male (m–) flowers (Ind. 1).
On average, a single plant produces about 2100 flowers
(plant: fl/plant), the largest fraction (>50%) being the
functionally male ones (m+). The degree of andromonoecy
(and) increases from 58% in the terminal umbels to 76%
in the 1st order and 100% in the 2nd order umbels and
is in total (n = 10) almost 71.6 ± 15.8% per plant. This
means that on average 565 flowers are perfect, producing
maximal 1130 seeds per plant.
3.2. High pollen/ovule ratio and low fruit set
A single anther of a perfect flower (p+, p–) produces more
than 4000 pollen grains (Table 2), a flower correspondingly
more than 20,000, and all perfect flowers of a plant
together more than 11 × 106 pollen grains. An anther of
a (functionally) male flower (m+, m–) produces about
2800, a flower ca. 14,000, and all male flowers together
more than 21 × 106 pollen grains (Table 2). The pollen/
ovule ratio of a single perfect flower is on average 10,330:1.
Considering the total number of perfect and (functionally)
male flowers in a single andromonoecious plant, the P/O
ratio in one individual is 29,128:1.
Fruit set per plant is generally low (7.2%, Table 1, plant:
fruit set/pl) and highly variable, ranging from 0% to 18%
in a single individual. However, this number does not
reflect the fertilization rate as only 28% of the flowers are
perfect and thus able to produce fruit. Considering only
the perfect flowers (p+, p–), the average rate of fertilization
(p+) is 28%, ranging from 8% to 54%. In the bagging
experiments (n = 6), no fruit was found, clearly indicating
that the flowers are not autogamous.
3.3. Low pollinator frequency
The flowers were visited by nine insect species, belonging to
Hymenoptera (4 species), Diptera (2 species), Coleoptera
(2 species), and Hemiptera (1 species) (Table 3; Figure 4).
Hymenoptera included one bee species (Lasioglossum,
Halictideae) and three ant species (Formicideae):
· Lasioglossum (Figure 4A) is considered a pollinator
as it regularly touched pollen and stigmas and flew within
and among plants. However, its frequency was very low,
on average less than one individual per hour (Table 3). The
bee stayed 1–2 min per h at a single plant, visiting more
than three umbels in this time.
· Ants, in particular a Lepisota species (Figure 4B),
were the most frequent visitors, with about 10 individuals
per hour. They were found during the whole day, feeding
on nectar and pollen thereby moving over the umbels and
among different branches. Due to their frequency and
behavior, they are also considered pollinators.
· Diptera belonged to the mosquitoes (Sarcophagidae)
(Figure 4C) and flew among different umbels feeding on
nectar. Their frequency and handling time were similar
to those of Lasioglossum, but their legs were too long to
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Table 1. Quantitative analysis of floral sex types (p+, p–, m+, m–), degree of andromonoecy, and fruit set in 10 individuals. Abbreviations: and: degree of andromonoecy. br: branch.
fl: flower. fr: fruit. nr: number. Ind: individuals. pl: plant. p-fl: p+ and p+ flowers. sI: single 1st order umbel. sT: single terminal umbel. T: terminal umbel. I: 1st order umbel. II: 2nd
order umbel. *(nr br × nr sI/br).
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T
I

T

T

p+pm+
m-

T
B

A

Figure 3. Plant architecture. A- Schematic side view of an individual plant showing four flowering branches, each with a terminal umbel
(T) and three lateral umbels of 1st order; dotted lines: not considered flowering branches. The terminal umbel is characterized by its
larger size and position opposite the uppermost leaf. B- Flower types: p+, perfect flower with well-developed fruits, p–, perfect flower
with reduced fruit set (p+p– as dark), m+, functionally male flower with rudimentary styles (gray) and, m-, staminate flower (white).
Bar: 10 cm.
Table 2. Average number of pollen grains per flower type and pollen/ovule ratio in a perfect flower, and the
whole plant ± standard deviation.

Flower types

Pollen grains Pollen grains
per anther

Pollen grains
per flower

Flowers
per flower type

Pollen grains
per flower type
11.53 × 106

Perfect flowers (p+, p–)
n = 10

4132 ± 1075

20,662 ± 5375

565

Male flowers (m+, m–)
n=9

2765 ± 1630

13,823 ± 8149

1540

21.37 × 106

P/O per perfect flower = 10,330:1. P/O per plant = 29,128:1.

allow the ventral side to regularly touch the reproductive
surfaces. Pollen was only attached to the legs that only
rarely touched the stigma. Thus, the Diptera are not
considered good pollinators.
· Coleoptera and Hemiptera were rare. While visiting,
they usually stayed for a long time on a single umbel and
were only rarely observed walking on the plant.

For technical reasons, insects were only recorded at the
lowermost part of the cliff. How far the same species also
occur at other parts of the cliffs is not known. Though most
of the observed insect species may contribute to pollen
transfer, effective pollinators regarding frequency and
precision of pollen transfer are lacking. This is indirectly
confirmed by the scanning electron microscopic pictures
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Table 3. Umbel visitors in Seseli ghafoorianum. N: Nectar feeding; P: pollen grain feeding.
Order

Hymnoptera

Diptera

Family

Halictidae

Formicidae

Genus

Lasioglossum

Lepisota

Pheidole

No. species

1

1

1

Frequency/
hour (±SD)

~1 min

Behavior
Pollinator
efficiency

Coleoptera

Hemiptera

Sarcophagidae Chrysomelidae

Curculionidae

Coccoidae

Cataglyphis

---

---

---

---

1

2

1

1

1

10.5 ± 7.2
0 (rare)
min

0 (rare)

~1 min

0 (rare)

0 (rare)

0 (rare)

N, P

N, P

N, P

N

N

N, inactive

walking

Walking

Effective

Potential

Potential

Potential

Ineffective

Ineffective

Ineffective

Ineffective

Figure 4. Flower visitors. A- Lasioglossum sp. (Halictidae), the most effective pollinator; B- Lepisota (Formicidae), the most frequent ant
species; C- a sarcophagid fly, usually feeding on nectar; D- a beetle (Chrysomeloidae-Bruchinae), which is almost inactive on a flower.

from receptive stigmas, which show no or only single
pollen grains (Figures 5E'–5H'). We did not find any insect
herbivore that may damage the leaves, stems, floral buds,
or sexual organs, affecting fruit set.
3.4. Protandry and sexual phase overlap
Due to architecture and population structure, several levels
of flowering have to be distinguished: the single flower, the
umbel, the branch, the whole plant, and the population.
· Flowers are protandrous with a male flowering phase
of usually 4 days and a shorter female stage of 2 days
(Figure 5). A single flower is thus open for up to 7 days.
Floral buds develop slowly. Almost completed, they need
at least 1 week to enter the male flowering stage (Figures
5A and 5B). First, the petals open and then the stamens
appear sequentially, presenting highly vital pollen (Figures
5B, 5D, and 5I). At this stage, the styles are still short (0.2
mm) and in parallel position. The stigma is dry, clearly
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showing the epidermal papillae (Figures 5A', 5F'1, and 5I).
After 4 days, pollen grains are shed and petals and anthers
drop down. It is evident that the presence of petals does not
indicate the length of anthesis. Some faded anthers may
persist in the flower with few pollen grains of low vitality
(20%) (Figures 5E'1, 5F'1, and 5I). Now the styles start to
elongate, reaching their final length (0.7 mm) after 2 days
(Figures 5E'2, 5F'2, and 5I). The stigmatic surface gets wet,
indicating the beginning of the female stage (Figures 5E'2
and 5F'2). Between the two sexual stages, a sterile phase of
about 4 h is inserted, inhibiting autogamy in the flower. At
the end of the female stage, stigmas dry out and become
nonreceptive (Figures 5G, 5H, 5G', and 5H').
· In each branch, the terminal umbel starts flowering
in centripetal order (Table 4: T). It is male (dark gray) for
6–10 days and then female (light gray) for 3 days. This
means that the umbel is protandrous, too. The sequentially
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Figure 5. Protandry. A–H: Flowering sequence of a single flower (arrow; all pictures in the same scale); A, late bud stage; B–D, male
flowering phase; E1, F1, late male phase and shedding of all petals; E2, F2, styles are elongated and spread; G, H, late female stage and fruits
are set; A'–H': SEM pictures of the stigmatic surface (all bars: 20 µm); A'–F'1, nonreceptive stigma (male phase); E'2, F'2, female phase,
surface of stigma covered with liquid; G', H', late female stage with dried fluid material. (I) Pollen vitality (%) during anthesis (gray) and
elongation of style during anthesis (dark) per week.

opening flowers are synchronized in such a way that their
female phases start simultaneously when the last pollen is
shed. The same pattern is found in the 1st order umbels,
except that the length of their sexual phases is more
variable (Table 4: 1–4).
· In contrast to the terminal umbels, there is usually a
phase overlap among the umbels of a branch (Table 4: 1–4).
This is caused by the consecutive and acropetal flowering
sequence of the 1st order umbels and the different length
of their sexual stages in the individual umbels. If 2nd order
umbels (II) are present, they flower much later than the
remaining umbels of the branch, which are in their female
stage or already fruiting, when the 2nd order umbels
flower male. The flowering sequence of a single branch
takes more than 3 weeks (Table 4).
· The branches of a plant flower asynchronously
(Tables 4A–4D). Since each individual produces about 19
flowering branches, the total flowering time of a plant lasts
at least 2 months.

· Individuals in a population flower asynchronously
as well, extending the flowering period to more than 4
months. Starting in mid-September, some individuals
were still blooming in April. The observation of six plants
clearly shows the sequential flowering of individual plants
(Table 5). Only at the beginning, when the first plants
are flowering male, pollen is lost as no receptive flower is
around. As soon as these umbels enter the female stage,
both sexual stages almost cooccur, allowing pollen transfer.
The late flowering plants provide pollen for the already
female flowering plants, thus increasing their chance to
receive foreign pollen.
3.5. Population structure, habitat, and mericarp dispersal
Populations of S. ghafoorianum are small, comprising only
12 individuals in ≤20 m2. In the plots investigated, the
density of the plants was low; the distance among plants
ranged from a few centimeters to 1 m. Based on 77 plants,
47 (61%) were adult, 27 (35%) were seedlings with two
cotyledons, and only 3 (4%) young, i.e. 2–3 years old (Table
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Table 4. Flowering sequence in four branches (A–D) of plant 2. The terminal umbels (T) start flowering and are followed by the 1st order
umbels (1–4) in acropetal sequence. Flowering starts with the male phase (dark gray) and continues with the female phase (light gray).
Flowering
branches

Umbels

September 2013
17

18

19

20

October 2013
21

22

23

24

25

26

27

28

29

30

01

02

03

04

05

06

07

T
1
A

2
3
4
T
1

B

2
3
4
T
1

C

2
3
4
T
1

D

2
3
4

Table 5. Flowering sequence of six randomly chosen plants (1–6) from 10 to 30 September 2013. It is evident that the individuals are not
synchronized. Within each plant, 4–5 (n) flowering branches were chosen. Dark gray: male phase, light gray: female phase.

Plants
1 (n = 5)
2 (n = 5)
3 (n = 4)
4 (n = 5)
5 (n = 5)
6 (n = 4)
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Days

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30
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6). Given that 47 plants on average produce 2100 flowers
and set 7% fruits (Table 1), almost 7000 fruits with a total of
14,000 seeds are produced on the plots. Of them, only 0.2%
germinate and only 0.02% survive to the young plant stage.
Adult plants reach at least 13 years of age based on
the number of vascular rings in the basal wooden stems.
However, the vascular rings are not clearly recognizable, as
the wood has a less condensed, spongy structure.
S. ghafoorianum usually grows at sites where the plants are
protected from grazing or disturbance by humans (Figures
6A and 6B). Ripe fruits are small, light, smooth, and weakly
winged (Figure 6C). They can easily be dispersed by wind,
whereby they are distributed to different areas. Seedlings
were only found in rocky microhabitats at the cliff (Figures
6B and 6E), where the accumulated soil was covered with
a carpet of mosses and lichens. At the steps or in the dense
vegetation of the flat area, no seedling was found.
4. Discussion
On first view, S. ghafoorianum is a typical Apiaceae
species with umbels composed of umbellets, synchronized
protandry, promiscuous pollination, a high P/O ratio
indicating xenogamy and andromonoecy with increasing
maleness, and about 70% (functionally) male flowers (Bell
and Lindsey, 1978; Reuther and Claßen-Bockhoff, 2010).
Protandry, pollen surplus, and andromonoecy are generally
interpreted to increase outcrossing by minimizing sexual
phase overlaps and providing enough pollen to compensate
for pollen loss (Bell and Lindsey, 1978; Schlessman et al.,
1990; Koul et al., 1993; Reuther and Claβen-Bockhoff, 2013).
However, S. ghafoorianum differs from the common
pattern in growing as a woody dwarf on vertical cliffs. Umbels
only have 2–5 umbellets and not more than 40 flowers,
which are relatively few compared, e.g., to Daucus carota
with more than 2500 flowers in a single umbel (Reuther

and Claßen-Bockhoff, 2010). Moreover, as the flower color
is pale in S. ghafoorianum, its umbel is less attractive for a
pollinator. This disadvantage is partly compensated for by
the overall aromatic scent of the plants and by the many
flowering branches originating from the woody base of the
dwarf. However, as these branches flower asynchronously,
the plant appears to be more adapted to a long flowering
period than to present a large floral display.
4.1. Seseli ghafoorianum: an ant-pollinated species?
A large floral display is advantageous when the plant is
a short living annual, the season is short, or pollinators
are only present for a short time. This does not apply to S.
ghafoorianum.
· The plant is a woody perennial able to tolerate low seed
set.
· It has a rather long flowering period compared to the
cooccurring Arcto-Tertiary and Hyrcanian forest elements.
This may be caused by the cliff locality, where water is
available the whole year round. Considering the local
climate, S. ghafoorianum starts flowering at the end of the
dry season when temperature becomes more moderate
and precipitation increases. According to Akhani (1999),
the species flowers until the end of December, when the
temperature drops down below 0 °C. However, in 2015,
flowering plants were still found in April, indicating that
the length of the flowering period may be regulated by
temperature.
· Presence of flying pollinators was extremely low. The
main pollinator appears to be a Lasioglossum species that,
however, visited the plants only sporadically. The species is
most likely a generalistic pollinator since some species like
L. leucozonium, L. discum, and L. aegyptiellum are known
to be widely distributed in northern Iran (Bremer, 1978).
The observed Diptera, Coleoptera, and Hemiptera are

Table 6. Age composition in selected plots (n = 5, 2 × 4 m2). The numbers of seedlings and aged individuals are
higher than the number of young individuals. Coverage is very low in all groups indicating that there is no competition in the microhabitats.

Plots

Seedlings

Young individuals

Aged individuals

Number

Cover (%)

Number

Cover (%)

Number

Cover (%)

1

12

<1

-

-

7

1

2

8

<1

1

≤1

6

5

3

6

0

2

≤1

21

5

4

1

<1

0

0

5

1

5

0

0

0

0

8

1

∑ 1–5

27

Average ± SE

6.2 ± 5

3
0

0.75 ± 0.6

47
0

9.4 ± 6.6

2.6 ± 2.1
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Figure 6. Mericarp dispersal. A, B- Plants growing on the cliff disperse their seeds to different sites; C- fruits are small and easily
dispersed by wind (bar 1 cm); D- flowering branches (black circle in A) that fall down to the flat step have no chance to germinate; Eseedlings dispersed to a cliff site (yellow circle in B) have a good chance to germinate.

not considered appreciable pollinators due to their body
proportions and foraging behavior.
In contrast, nonflying ants were quite abundant (at least
at the talus parts of the cliffs) and may play an essential
role in S. ghafoorianum. Ants are usually regarded as weak
pollinators (Wyatt, 1981), but nevertheless pollination by
ants has been described in almost 20 plant families (de
Vega et al., 2014). With its cliff habitat, prostrate growth,
little nectar, and little attractiveness for flying pollinators,
the plant is a designated ant flower (Hickman, 1974).
Ants are able to reach the openly presented nectar and
to transfer pollen within and among plants. Thereby, the
asynchronous flowering may increase the switch to a
neighboring plant individual. The small size of the pollen
grains prevents the ants from grooming and the low
number of ovules increases the chance of fruit set even
with a small pollen load. Altogether, S. ghafoorianum
shows the typical features of ant pollination syndrome
(Hickman, 1974).
4.2. Geitonogamy vs. xenogamy
Despite the high frequency of ants and their presumable
contribution to pollen transfer, the fertilization rate in S.
ghafoorianum is extremely low. This may be due to the
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lack of effective pollinators and/or a high degree of selfpollination.
The high degree of asynchrony in an umbel promotes
outcrossing, but phase overlap among umbels in the same
plant increases the risk of self-pollination. Experiments
have shown that S. ghafoorianum is not autogamous, but
whether the plants set seeds by geitonogamy or exclusively
by xenogamy is not known. As all Apiaceae investigated
so far are self-compatible (Bell, 1971; Webb, 1981; Koul
et al., 1993; Schlessman and Graceffa, 2002), one might
expect geitonogamy in S. ghafoorianum as well. This is
in accordance with observations in Seseli farrenyi Molero
& Pujadas, a perennial monocarpic herb and narrow
coastal endemic in Spain (Catalonia). The species shows
protandrous umbels due to strong synchronization and
asynchrony among the umbels within a single plant. This
pattern increases xenogamy and compensates for the
nonspecific pollinators (Rovira et al., 2004).
In Seseli ghafoorianum, ants may contribute to
geitonogamy. The high variation in the degree of
fertilization from 0% to 54% may then indicate that the
pollination by ants is not predictable. However, even if the
plant were self-incompatible, self-pollination would lower
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the fertilization rate as pollen grains are dispensed on its
own stigmas where they cannot germinate, but instead
cover the germination site for foreign pollen (Barrett,
2002).
The immense number of pollen grains coupled with
a high degree of andromonoecy clearly indicates that
S. ghafoorianum does not suffer from pollen limitation.
Based on this, xenogamy should be expected (Cruden,
1977).
The higher number of pollen grains in perfect than in
(functionally) male flowers corresponds to published data
from Apiaceae (e.g., Webb and Lloyd, 1980; Spalik and
Woodell, 1994). It indicates that more energy is invested
in the first perfect flowers while the later produced flowers
are imperfect. Developmental studies in andromonoecious
species [e.g., Ferula aucheri (Boiss.) Piwczynski, Spalik,
Panahi & Puchalka, F. hezarlalehzarica Ajani] clearly
illustrate that both perfect and male flower morphs share
the same developmental pathway. Only the last stage of
gynoecium formation remains inhibited in male flowers
(Ajani et al., 2016). This finding supports the view that
the sexual morphs in Apiaceae only differ slightly from
each other and that environmental conditions may affect
the sex ratio of a given individual (Reuther and ClaßenBockhoff, 2013).
4.3. Low reproduction based on biotic and abiotic constraints
Altogether, S. ghafoorianum appears to be a species
adapted to outcrossing but suffering from a lack of flying
pollinators. This is surprising as the flowering time started
in summer (August) when the weather is warm enough
for insects. The low number of pollinators has thus to be
traced back to environmental conditions. In S. farrenyi, two
fragmented populations were studied. It was found that
both seed set and pollen loads were affected by the changed
pollinator composition and their efficiency (Rovira et al.,
2004). S. ghafoorianum has only two populations, which
are naturally fragmented by the cliff conditions. While data
on the protected population are still lacking, the studied
population is unprotected and influenced by the nearby
farmland. The use of globally widespread insecticides like
Diazinon (Larkin and Tjeerdema, 2000) may be the main
reason for the low number of pollinators and, thus, the low
number of fruit set in S. ghafoorianum.
However, the species also suffers from a low
establishment of seedlings and a low survival of young
plants. As to the seedlings, only 2‰ of the seeds have
the opportunity to germinate. This value is extremely low
compared to the ca. 40% seedlings of Daucus carota on
bare soils (Gross, 1984). The seedlings of S. ghafoorianum
were found only on cliff microhabitats, which suggests that
the conditions on the steps, flat areas, and short cliffs close
to the talus are inappropriate for germination. Grazing

animals and competition with other plants covering
the dense vegetation of the plain may be the main
factors hindering establishment of the seedlings of S.
ghafoorianum at these places. Beyond these biotic factors,
the nutrient-rich soil, water availability, and moderate
temperature at the cliff microhabitats may also play an
important role in seedling establishment and young plant
survival. As the main flowering period is from September
to December, seedlings are mainly found in spring. At
this time, the drought season starts along with increasing
temperature and a minimum of precipitation. Survival
may be difficult in areas with low underground water and
at times when the root is not yet long enough to reach the
water.
4.4. Woodiness and the Arcto-Tertiary relict status of S.
ghafoorianum
The woody growth appears to be advantageous to
compensate for the unpredictable number of offspring.
Woodiness was originally interpreted as an ancient
character pointing to an Arcto-Tertiary relict status of S.
ghafoorianum. However, Calviño et al. (2006) presented
phylogenetic data from South African Apiaceae and
showed woody species several times independently
derived from herbaceous ancestors. The authors discussed
that woodiness may have evolved in adaptation to poor
nutrient soils. This could be also true for S. ghafoorianum.
Its phylogenetic status is not known yet, but S. olivieri
Boiss., with the same woody growth form, was grouped
in the herbaceous group of Cachyrs L. in the Apioid clade.
Dated phylogenies (Banasiak et al., 2013) indicate that the
Cachrys clade and the Selineae, including Seseli, are placed
at derived positions. The groups obviously evolved about
12 mya, i.e. in the late Miocene (Tertiary). Based on this,
S. ghafoorianum could be an Arcto-Tertiary relict species
but its woodiness need not be a basal character.
Consequently, S. ghafoorianum appears to be a species
adapted to outcrossing. As mobile vectors are needed, the
lack of pollinators is a huge problem for the plant. This
factor may affect the genetic diversity of the species. To
evaluate the diversity, further karyological and molecular
studies are needed. To protect the species, the environment
has to be changed in such a way that more pollinators will
be around, allowing the plants to produce more fruit.
Consumption of pesticides needs to be either reduced or
replaced with suitable ones that are less harmful to the
environment.
It is furthermore proposed to include the cliff area
in the nearby Golestan National Park to protect the
plant from grazing animals. Thereby, the survival rate of
ground-breeding bees, seedlings, and young plants could
be increased. To hinder grazing animals from entering
the steps the entire habitat, including the basal part of the
talus, should be protected.
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